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Following C11, we s h a l l  cons ider  t h e  symmetrical confi -  

g u r a t i o n  of plasma equi l ib r ium with t he  f rozen-in  f i e l d  contai-  

n ing  a type X n e u t r a l  po in t  ( s ee  

Fig.  1 ) .  The behavior of  t h  l i n e s  

o f  force  is not  dependent on z. 

The equa t ion  div  H = 0 is satis- 

f i e d  by t h e  vec tor -poten ia l  ( O , O , A )  

provided t h e  f i e l d  H i s  represen ted  

where y= z ,  A = 4' ,, a is a cons tan t  ( s e e  C31). Fu r the r ,  t h e  

d e n s i t y  of  t h e  c u r r e n t  
I - - +- 

-- t -K- = - 2 - - -  - 
(2) 

and t h e  equi l ib r ium condi t ion  ( r o t  C j , ~ l  = 0)  by t h e  s t r e n g t h  of 

symmetry conf igura t ion  (j, V )  H = 0 w i l l  be w 
.. - -  

' ( v  j )  = 0 --A ,.a -- -. 9~ - 
- 

and inasmuch as A = cons t  a long t h e  l i n e  of  fo rce ,  we s h a l l  have 

according t o  ( 2 )  
VaA = F - 

where F is an a r b i t r a r y  func t ion  of  A. The s o l u t i o n  of t h i s  equa-. 

t i o n  

- -. t 
@ &= 6Y +a, E,, = - (as.+ b&. Thus, f o r  exa-nple, t h e  f i e l d  d i s -  . - -  - 
t r i b u t i o n  along the  a x i s  x  w i l l  be 

. A --  - - - - -  
which is  admitted i n  El1 f o r  t h e  r ep re sen ta t ion  of  t h e  f i e l d  nea r  

t h e  n e u t r a l  point .  L e t  us no te  t h a t  f o r  t h e  considered configura- 

t i o n  B -+. 00 f o r  x +DO and t h e  e q u i l i b r i u n  would r e q u i r e  here  

an i n f i n i t e  d e n s i t y  of cu r r en t  at the  n e u t r a l  po in t .  



The considered con f igu ra t i on  of f i e l d  equ i l i b r i um is 

u n s t a b l e  ( s e e  t he  demonstra t ion o f  i t  i n  r e f  C3, 41 ): its l i n e s  

of  f o r ce  a r e  no t  i n t e r l o c k e d  ( i n  any p lane  pa s s ing  through t h e  

axis z, t h e  number o f  !!incoming!'-and f~ou tgo ingw l i n e s  of  f o r ce  

i s  t h e  same),    he con f igu ra t i on  does n o t  s a t i s f y  t he  p r i n c i p l e  

of  l i n e  of  f o r ce  minimum l e n g t h ,  a long  which H~ / 8 n  = cons t  and 

approaches t h e  s t a t e  when-the l i n e s  of  f o r ce  t ake  t h e  sha-pe repre-  

s e n t e d  i n  F ig ,  2. Plasma behavior  n e a r  

t h e  n e u t r a l  po in t  o such type o f  con- 

f i g u r a t i o n  is q u a l i t a t i v e l y  considered 

i n  E l l ,  n e g l e c t i n g  t h e  cu rva tu re  of  t h e  

l i n e s  of f o r c e ,  and wi th  t h e  s i m p l i f y i n g  

admission t h a t  t h e  s i m i l i t u d e  is preser -  

ved a t  t h e  beginning o f  compression, i. e ,  

t h e  d i s t r i b u t i o n  ( 5 )  is preserved.  The Fig. 2 

same problem is considered more met icu lous ly  i n  E31 ( p a r a  6.4, 

wi th  t h e  s a m e ' q u a l i t a t i v e  r e s u l t s .  F i n a l l y  i n  C51 i t  is  shown 

t h a t  plasma h y d r o s t a t i c  equ i l i b r i um is u n s t a b l e  i n  t h e  presence 

o f  a n e u t r a l  po in t  i f  gas  p r e s su re  is lower t han  a c e r t a i n  value  

( c f  . with  t h e  i n s t a b i l i t y  i ndex  

ob t a ined  i n  E l ) .  

L e t  us now examine t h e  ques t ion  o f  equ i l i b r i um s t a b i l i t y  

o f  a p l a n e - p a r a l l e l  plasma l a y e r  s i t u a t e d  between t h e  p l anes  

x = --xo and x = + xo, with  a type (5) f i e l d  d i s t r i b u t i o n  o r  

E ( 0 ,  HO 0 )  ( t h e  plane x  = 0  is n e u t r a l ) ,  cons ide r ing  t h a t  

i n s i d e  t h e  3' aye r  d e n s i t y  and p re s su re  a r e  symmetrical  f unc t i ons  

of  x, and ou t s ide  t h e  l a y e r  (vacuum), they  a r e  neg lec ted ,  Such 

model of t h e  s t a t e  of  plasma n e a r  t h e  n e u t r a l  po i n t  has been 

accep ted  by us i n  El1 and C21. L e t  us now examine t h e  s t a b i l i t y  

of such a s t a t e  r e l a t i v e  t o  s m a l l  p e r t u r b a t i o n s ,  We s h a l l  cons ider  



h 

I .. 
f i r s t  of  all f o r  t h e  q u a l i t a t i v e  ap-proach t h e  conduct iv i ty  6 = m, 

and we s h a l l  neg lec t  t h e  s h i f t  c u r r e n t ,  cons ider ing  the  l i n e s  of 

fo rce  as s t r a i g h t  and p a r a l l e l  at motion. 

For  such a case  we have t h e  fol lowing ( ~ i l e r )  equat ions  

f o r  s m a l l  motions : 

aV HoH1 ' 
p o x = -  1(pf+= 

aut -- - rot [V"X Hol, 
1 . .  a s .  - -- 

w- 
where zero  r e f e r s  t o  equi l ib r ium,  and t h e  s t r o k e  - t o  perturba- 

t i o n s  *. Considering the  movement as a d i a b a t i c ,  and in t roduc ing  

t h e  displacement ( s h i f t i n g )  s, s o  t h a t  v =as we s h a l l  ob t a in  
at ' - -- - 

p' = - div pas, p' = g d i r i  .- - S, H' = rot [s+ -. 
-- ai- A-- A 

and the  p e r t u r b a t i o n  of  t he  f u l l  p ressure  w i l l  be 
I 7- 

I - - - - .A ----. - (8) 

1- -'I 
i f  me consider  t h a t  s h i f t i n g s  take  p l ace  only a long the  a x i s  x  

and depend only on x ( s  = 5 ) . In t roduc ing  Y and (8  ) i n t o  (6.2 ) , 
and mul t ip ly ing  i t  by 5 and i n t e g r a t i n g  from 0 t o  xo, we s h a l l  

ob t a in  

tJt having admit ted the  displaoement 3 = e . 
For the  i n v e s t i g a t i o n  of i n s t a b i l i t y  by the  s i g n  GJ2 ,  i t  

is necessary t o  formulate the  boundary condi t ions ,  p a r t i c u l a r l y  

a t  t he  o u t e r  boundary of t he  plasma, where 9 = 0 and p = 0. 

* -- 

I f  the  l i n e s  o f  force  a r e  being A;=*~rtek 9 

(6.2) must be replaced by 
[rot H4,H,I + [So,Hfb 

~L&-- - C - T  
k". 

where SO is the  cu r r en t  d e n s i t s  . ,ailit_-m 

Ch4 term w i t h  H i n  



It is easy  t o  s e e  ( c f  C61) t h a t  t h e  requirement of  cu r r en t  impulse 

' c o n t i n u i t y  i n  our  case  amounts t o  cond i t i ons :  -- . - . *  
IP) = 0, . ' v " .  (lo) -- - - - --- - 

where the  brace i n d i c a t e s  t h e  jump, and t is the  t a n g e n t i a l  com- 

ponent. The requirement o f  cu r r en t  ener,T c o n t i n u i t y  is reduced 

t o  t he  condi t ion  {vt\= 0  by the  s t r e n g t h  of (10)  and bf t he  con- 

d i t i on{~ , )  = 0  (n being  the  normal) ,  i . e . o f  v e l o c i t y  con t inu i ty .  

A t  the  same time the  condi t ion  {Et) = 0 is i d e n t i c a l l y  s a t i s f i e d .  

Pass ing  from the  d i sp l aced  boundary, when (10)  a r e  f u l f i l l e d ,  t o  

non-displaced x = xo, we s h a l l  have with t he  p r e c i s i o n  t o  t h e  

smal l  q u a n t i t i e s  of t h e  f i r s t  o r d e r  

1 .  . .- 
S P ;  * 8% 0; ~ * + 5 ~ = d .  

--I- -_* 
mz= p-E 
- 

8 m  - 1  -CI- 
where i n d i c e s  i and e  r e f e r  t o  t h e  plasma and its surroundings 

x = X O ~  Poi =O, H O i = H  1. According t o  (7), t h e  f i r s t  o  e  
condi t ion  g ives  t he  id en tit^^ &, 0 ( Po r 0) , and t h e  second - 

. - P 
.- . -  - 4 

I f  t h e  condi t ions  of t h e  problem admit the  r ep re sen ta t ion  F!gH,' 
then ,  cons ider ing  3 = 0 at  x = 0,  r e  ob ta in  f o r  +he expression (9) :  

where Jl0 is t h e  amplitude a t  t he  boundary. I f  Hk = 0  ( t h e  sur -  

rounding f i e l d  does no t  vary with t ime) ,  then f o r  t he  s t a b i l i t y  

i t  is s u f f i c i e n t  t h a t  t h e  e x t e r i o r  f i e l d  H i n c r e a s e  with t h e  
Oe 

depar ture  f r o l - t h e  l a y e r .  A s  t o  t h e  i n s t a b i l i t y  i t  may a=-- i f  - 
BHW Hoe decreases  as i t  moves ou t  of t h e  plasma, i. e.  i f  - 

-) 2%- 
These s i g n s  a r e  s i m i l a r  t o  those found i n  (7) .  I f  t h e  su..~unding - 
f i e l d  is uniform ,I i but  t he  quan t i t y  HI,# 0,  then 

< rn '1 
'e is determined by t h e  growth o r  decrease of  t he  o u t e r  

-- . 
7 



f i e l d  ( o r  t h e  s i g n  o f  H',): f o r  p r a c t i c a l l y  i n t e r e s t i n g  cases  
I 

( s p o t  f i e l d  v a r i a t i o n s  ) 0 i n  t h e  course  of  f i e l d  ~ r o w t h  

( H ~ ~  Z 0)  and compression ( < 0 )  p rog re s se s  wi th  t ime (a2> 0 )  , 
provided  t h e  f i e l d  growth i s  s u f f i c i e n t l y  s t r o n g  ( t h e  r ight-hand 

p a r t  of ( 1 3 )  is  p o s i t i v e .  Th i s  case  of  f i e l d ' s  He i n c r e a s e ,  having 

e x t e r i o r  s o u r c e s -  t h e  s p o t s ,  is examined i n  C21. 

bE L e t  us  now deny ou r se lve s  t h e  admissions cr= 00,-= a t  0 

and (W) E = 0  ( t h e  l i n e s  o f  f o r c e  a r e  p a r r e l e l  l i n e s )  and l e t  us 

c o n s i d e r  t h e  equ i l i b r i um s t a b i l i t y  o f  plasma l a y e r  wi th  t h e  f i e l d  

d i s t r i b u t i o n ,  p r e s su re  and d e n s i t y  ( i n s i d e )  

e s t i m a t i n g  H = cons t  = Ho beyond t h e  plasma ( t h i s  case  p r a c t i -  
Y 

c a l l y  co inc ides  wi th  t h e  one considered i n  C21. L e t  us  cons ide r  

t h a t  t h e r e  is i n  equ i l i b r i um a c u r r e n t  Jo(O, 0, jo) and a f i e l d  

Eo (0 ,  0, Eo). L e t  us  e s t ima te  t h a t  a l l  t h e  p e r t u r b a t i o n s  have a 

common m u l t i p l i e r  

whi le  t h e i r  ampl i tudes  depend on x. I n  observ ing  t h e  equ i l i b r i um 

t h e  cons t an t s  Ho,  po and Po ~ l l  be,  t o  1 4 )  l i n k e d  with 

t h e  cond i t i ons  .A 
The problem of  s m a l l  o s c i l l a t i o n s  i n  t h i s  c a se  is conside- 

r e d  i n  C81 (wi th  t h e  cond i t i on  Re [a] > O ) a t  c o r r e c t  boundary 

cond i t i ons  EXi =Ex,, E z i  =Eze and 
* 2* PIS" - Ul,.== 

-.&@-* (1 7) 
( t h e  las t  two a r e  r l 1 )  and- ( 8 )  t h a t  f o r  t h e  
de te rmina t ion  o f  s t a b i l i t y  a t  l i m i t  case  6= bo, fundamentd  numbers 

a f  t h e  equa t ion  w 

- -  - 

m u s t  be found wi th  bodndars cond i t i ons  
-Tc- . 

2 a  
' X  = 

" 0; x = xo, r+ ++'a= 09 
-- - -_  .A -_ -__l 



- 
where i t  is marked : 

I. 
The a.mpsitude of a l l  pe r tu rba t ions  a re  then expressed 

through t h e  func t ion  9 . In  o r d e r  t o  b e t t e r  v i s u a l i z e  t h e  behavior  

of  t h e  numbers i n  l i m i t  cases ,  we t ransform t h i s  probLIm t o  new 

v a r i a b l e s .  In t roduc ing  

2 ,5' .. P-\K/? @+zag -- 
-A- -L .- - 

we o b t a i n  i n  place of  (I€!), (lg), t h e  p r o b l e ~ .  

where t he  fol lowina d e s i ~ n a t i o r -  

i n t e g r a t i n g  along 3 and 

we s h a l l  ob t a in  by t h e  s t r e n g t h  of  boundary condi t ions  ( 2 3 ) :  - 

I 
-I . -  *i;& ..* -a,> -" . - - 

i f  we adopt the  normalizat ion.  1 ' P a d ~ ~ ~ . f t  L e t  us des igna te  
I. 

then  



and i n s t e a d  of  t he  equa t ion  f o r  d2 we s h a l l  o b t a i n  the  fol lowing 

equat ion f o r  n2: L= 

The s o l u t i o n  ofict 

The q u a n n  -am 
120- 

- -- - 
T 

.L 6 - - -  1 

IS or  t he  o rde r  of t h e  square  of t h e  

speed of  sound i n  t h e  plasma r a t i o  t o  t he  speed of  l i g h t ,  quan t i t y  

very s m a l l  ( E  and t h a t  is why we have with g r e a t  p r e c i s i o n  

( t h e  q u a n t i t i e s  A ,  B ,  and ZI a r e  o f  t h e  o rde r  of  the mity f o r  

t he  adopted normal iza t ion) ,  Therefore ,  Ais always s e a l  and for 

< k2 we s h a l l  have s t a b i l i t y ,  and f o r  h2 > k2 - instabi l i ty .  

For k = 0, c w e  of s t r i c u y  l o n g i t u d i n a l  comgxession6 - 
naves, s e e  above, r e  have1 F='o @ -3- - 

-- - - - -  z>(.r - * s 4 &  -q 
i. e . the  i n s t a b i l i t y  ( a t  corresponding boundary c a n u   am ) . 
When k # 0 (narrowing along t h e  a x i s  1 ; )  we have from t h e  -As- 
s i o n s  f o r  ' (26) a d  ( 2 9 )  : 

i. e. t h e r e  is a l s o  i n . & b i l i t Y  f o r  any value of  k. Therefore ,  

a p l ane -pa ra l l e l  plasma l a y e r ,  conta in ing  a  n e u t r a l  po in t  of t h e  

considered type (with  d i s t r i b u t i o n  of  t he  type ( 4 ) ) i s  uns tab le .  

L e t  us note  t h a t  f o r  t h e  sstimate i n  C81 o f  the  e f f e c t  of f i n i t e  

conduct iv i ty  on o s c i l l a t i o n s ,  t he  s o l u t i o n  f o r  Gl was adopted. 



For  t h e  s o l a r  plasma, when t h e  c h a r a c t e r i s t i c  dimensions of  xo 

is comparable wi th  c ,  t h e  q u a n t i t i e s  6.1 w i l l  be z2 ( ~1 at 1 
s e l e c t e d  normal iza t ion) .  The c h a r a c t r i s t i c  t imes  of  a r a p i d  f l a r e  

development a r e  of  t h e  o rde r  o f  s e v e r a l  seconds.  

There fore ,  i f  one cons ide r s  a f l a r e  as a r e s u l t  of  i n s t a -  

b i l i t y  o f  t h e  considered l a y e r ,  i t  is  obvious t h a t  t h e  s t a b l e  ( o r  

r a t h e r  s t a t i o n a r y ,  t o  be more p r e c i s e )  s t a t e  p r i o r  t o  t he  f l a r e  

ought t o  be alread-y c h a r a c t e r i z e d  by ano ther  d i s t r i b u t i o n  o f  den- 

s i t y  and f i e l d  ( f o r  example, by f i e l d  growth at [ XI > xo) , and 

t h e  f l a r e  i t s e l f  should  by t h e  same token be  viewed as a r e s u l t  

o f  f i e l d  r e - d i s t k i b u t i o n  on account of  hydromagnetic movements 

( i n  case  of a f r e e  f i e l d )  o r  of  v a r i a t i o n  of  s p o t  p o s i t i o n  ( o r  

s p o t  f i e l d  i n t e n s i t y )  i n  case  of  an o u t e r  f i e l d .  

It may be s e e n  from ( 2 9 )  t h a t  had we u t i l i z e d  an i n c o r r e c t  

boundary condri-tion % = 0, we would have ob ta ined  from (28) 
A .- 

At rr k2 - aY -, 2. e. o2 < 0, and would have d r a m  a conc lus ion  of  -- -- _, 2 2  
-. 5 - - 

s t a b i l i t y ,  as t h i s  w a s  done i n  C91. The same prudence must be exer-  

c i zed  at t r a n s i t i o n  o f  x --+ o i ~  , f o r  t h e  s o l u t i o n  z (1) i n c l u d e s  
0 

xo as parameter  ( s e e  (24) ) and without  i n v e s t i g a t i n g  t h e  conver- 

gence of  i n t e g r a l s  A and B a t  xo -+ oo , noth ing  can be s a i d  

about t h e  numbers a2. Genera l ly  speak ing ,  as is we l l  known, t h e  

c h a r a c t e r  of e igen-values  f o r  a problem wi th  a  f i n i t e  boundary 

may r a d i c a l l y  d i f f e r  from t h e  same f o r  an i n f i n i t e  boundary. 

It may be s een  from ( 9 ) ,  t h a t  at  f i e l d  d i s t r i b u t i o n  (5)  t h e  po in t  

x = o o i s  a p e c u l i a r  p o i n t  of  t h e  equa t ion  and t h e  i n t e g r a l s  i n  (9 )  

have s e n s e  i f  f l  does n o t  decrease  more s lowly  t h a n  1/fi at 

x +w. T h i s  i s  l i n k e d  with  t h e  f a c t  t h a t  a t  x =gowe have t o  do 

wi th  t h e  con f igu ra t i on  o f  an i n f i n i t e l y  g r e a t  p o t e n t i a l  energy 

6 E . d ~  d ive rges  at f i e l d  d i s t r i b u t i o n  (5)) , where t h e  problem 

o f  minimum energy i t s e l f  ( i .  e. of  s t a b i l i t y )  l o s e s  its sense  

wi thout  s p e c i a l  r e s e r v a t i o n s  . rn 



That i s  why i t  is sense le s s ,  f o r  example, t o  speak of 

sQuilibrium s t a b i l i t y  of a  boundless nonuniform medium i n  t h e  

genera l ,  without s t a t i n g  iwhat f i e l d  and plasma dens i ty  d i s t r i b u -  

t i o n s  a r e  r e a l i z e d  i n  equi l ibr ium near  the n e u t r a l  po in t ,  i f ,  

obviously,  we do not  have i n  mind the  well-known problem of  magne- 

to-acoust ic  waves considered i n  C91. By the  way, l e t  us note  t h a t  

inasmuch as f o r  s o l a r  f l a r e s  (v/vT l2 2 "lo2 (v  being t h e  chara- 

c t e r i s t i c  plasma v e l o c i t y ,  v  -- t h e  thermal v e l o c i t y ) ,  t h e  neglect-  T  
i n g  of  the  i n e r t i a l  term i n  the equat ion of motion made i n  Cg] 
is  u n a c c e p t a b l e . ' ~ e i t h e r  is j u s t i f i e d  the  assekt ion  i n  [gl  of the  

m 
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i m p o s s i b i l i t y  of self-modeled compression, f o r  the  t o t a l  volume 

e l a s t i c i t y  is r . 
quant i ty  p r a c t i c a l l y  inva r i ab le  i4nside the  l a y e r  i n  equi l ibr ium 

(po is the  pressure at the  n e u t r a l  po in t ,  P/ I, y = 5/31, 
Po - . # s o  t h a t  the  compression is near ly  everywhere uniform ( i f  i t  is 

s t r i c t l y  avross  the  f i e l d ) .  . 
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